A replicated 4 x 4 Latin square digestion trial was conducted to determine the effect of electrolyte balance (EB = Na + K -C1 meq/kg of the diet) on apparent nutrient digestibilities in pigs fitted with ileal T-cannulas. Experimental diets were composed of corn and soybean meal with dietary EB altered by the substitution of CaC12 for CaC03, or NaHCO3 for corn and soybean meal. Electrolyte balance levels examined were -50, 100, 250 or 400 meq/kg of the diet. Increasing dietary EB concentration linearly increased (P e .05 to P c .02) apparent ileal digestibility of N, energy, DM and all amino acids, except alanine and methionine. However, nutrient and amino acid digestibilities measured over the total digestive tract were similar (P > .16) among EB levels. Increasing dietary EB resulted in a linear and quadratic (P < .03) effect on daily urinary N excretion, resulting in a linear (P c .05) improvement in N retention expressed both as a percentage of N intake and of absorbed N. Blood pH, total C02, HCO3 and base excess concentrations increased linearly (P c .02 to P < .001) with increasing dietary EB. Dietary EB concentrations influenced nutrient and amino acid absorption measured near the end of the small intestine. Additionally, the N balance data per unit of N intake or N absorbed are indicative of an improved N utilization in pigs fed increasing dietary EB concentrations from -50 to 400
Introduction
Dietary electrolytes may have an effect on the utilization of the basic amino acids. An increased growth rate has been reported in pigs fed lysine-deficient diets supplemented with potassium acetate (Liebholz et al., 1966) and KHCO3 or NaHCO3 (Madubuike, 1980 ; Austic et al., 1983; Patience et al., 1987) . Elevated dietary chloride levels (S to 1.0%) have been reported to restore normal growth rate in lSupported by State and Hatch funds allocated to 2Couege of ~g r i c .
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chicks fed excess lysine in relationship to arginine (Austic and Calvert, 1981) . The exact mechanism by which growth rate is changed by these amino acidelectrolyte interactions is unclear. Mode of action may be either in the absorption or the metabolic process. The interaction between cations and basic amino acids may be related to acid-based balance. In a 1981 review, Austic and Calvert proposed that metabolic alkalosis results in increased intracellular K, whereas metabolic alkalosis results in increased intracellular K, whereas metabolic acidosis leads to intracellular cation depletion. This deficiency may be partially offset by cellular Na and basic amino acid concentrations. Although there is evidence of metabolic effects, little information is available on the influence of dietary electrolytes on amino acid absorption in swine. The objective of this experiment as to examine the effect of various dietary electrolyte balances (Na + K -Cl. meq/kg of feed) on digestibility of energy, N and amino acids determined at the terminal ileum and over the total digestive tract of growing pigs.
Experlmental Procedure
Eight crossbred barrows initially weighing 24.4 kg were surgically fitted with a simple Tcannula approximately 15 cm anterior to the ileocecal junction following the procedure outlined by Horszczaruk et al. (1972) . Animals were anesthetized using halothane after a 2-ml injection of atropine. Following a 14-d rewvery period, pigs were placed in adjustable stainless steel metabolism crates located in an environmentally controlled room (26.7 f 2'C and 60 to 65% relative humidity). Experimental diets (Table 1) were based on corn and soybean meal, which had been analyzed previously for Na, K (Anonymous, 1982) and C1 (Gaines et al., 1984) . Dietary electrolyte balance (EB) concentrations were calculated to be -50, 100, 250 or 400 meq/kg. Dietary EB was altered by substituting CaCl2 for CaC03, and NaHCO3 for corn and soybean meal. Diets were formulated to contain .85% lysine, 30% Ca and .65% P. Minerals and vitamins were added to meet or exceed all NRC (1988) requirements.
The experimental design was a replicated 4 x 4 latin square. Each of the four 14-d periods consisted of 3 d for diet adjustment, 4 d for total feces and urine collection, 3 d for additional diet adjustment, 1 d for blood gases and pH determinations and 3 d for ileal digesta collection.
Pigs were fed equal portions of the assigned diet at 0800 and 1900 each day. Feed intake was constant for all pigs within each period and the level of intake was determined by the pig consuming the least amount during the f i s t 2 d of the adjustment period Feed consumption averaged 3.7% of BW/d during the trial. Water was mixed with the diets prior to feeding. This formed a mash to stimulate intake. Additional water was provided in the feed troughs after consumption of each meal. Average daily gain of the pigs during the trial was .73 kg/d and resulted in an average final weight of 77.1 f 2 kg.
Feces were collected twice daily, composited and frozen (-10°C). Ferric oxide (1%) was used as a visual marker to indicate the beginning and end of each fecal-collection period. After the final fecal collection, feces were thawed, thoroughly mixed, subsampled and frozen. An aliquot of the fresh subsample was analyzed immediately for moisture content (AOAC, 1984) . Urine was collected in a narrow-mouthed 10-liter container containing 50 ml of 6 N HC1. Each day's collection was diluted to a constant volume and a 200-ml sample was taken daily and composited over the 4-d period. Ileal digesta was collected continuously from 0800 to 1700 on three consecutive days. Digesta collection was facilitated by the attachment of polyethylene tubing (1.5 cm diameter) to the cannula with the other end placed in a narrow-mouthed collection vessel resting in an ice bath. Digesta were mixed thoroughly; a 250-g subsample was taken and frozen at the end of each day. The remaining digesta was warmed to 36'C and retumed to the pig via the cannula. Blood samples for blood gases and pH determination were obtained via venipuncture using Liheparinized syringes with ar~ 18-gauge needle. Samples were collected 5 h postfeeding, placed on ice immediately, and analyzed for blood gases3 within 1 h.
Fecal and ileal digesta samples were freezedried and ground to pass through a 1-mm screen prior to chemical analyses. Diet, fecal and ileal samples were analyzed for moisture, N (AOAC, 1984) and GE (adiabatic bomb calorimee). Amino acids were determined using ion-exchange chromatography5 following a 22-h acid hydrolysis (6 N HC1) using the procedure of Slocum and Lee (1983) . All values are reported as the free form amino of the acid expressed as a percentage of the sample. Tryptophan and cystine were not determined Urine was analyzed for N and GE. Chromic oxide concentration of the feed, ileal digesta and fecal samples was analyzed using the procedure of Kimura and Miller (1957) .
Amino acid and nutrient digestibilities were calculated from relative concentrations of chromic oxide and individual nutrients in the diets, ileal digesta or feces. Nitrogen balance data and DE and ME concentrations of the experimental diets were based on total collection data.
Data were analyzed as a replicated 4 x 4 latin square using the GLM procedure of SAS (1985) . The statistical model included the effects of diet, period, pig within replicate and error. Residual enor was used as the error term to test all criteria. Orthogonal polynomials were used to test for linear, quadratic and cubic diet effects.
Results and Discussion
Increasing dietary EB from -50 to 400 meq/ kg by altering the dietary content of CaC12 and NaHCO3 generally increased apparent nutrient digestibilities measured at the terminal ileum vable 2). Nitrogen, energy and DM disappearances from the small intestine were increased linearly (P < .01) with increasing dietary EB concentration. Increasing dietary EB from -50 to 100, 100 to 250 and 250 to 400 meq/kg improved these nutrient digestibilities by an average of 4.5, 1.8 and 2.1%, respectively. Amino acid digestibilities measured at the end of the small intestine followed essentially the same pattern as that observed for N. With the exception of methionine, the digestibility of all essential amino acids was increased linearly (P < .05 to P < .02) with increasing EB concentration from -50 to 400 meqkg.
Digestibility of alanine (P < .lo) and other nonessential amino acids (P < .05) increased linearly with increasing dietary EB from -50 to 400 meqkg, consistent with the findings for N and the essential amino acids. Small intestine apparent digestibilities of amino acids agree well with previous reports. Among the essential and nonessential amino acids, arginine and glutamic acid had the highest digestibility coefficients (average 85.9 and 82.8%, whereas threonine and glycine had the lowest digestibility (average 70.5 and 66.4%). These findings are consistent with previous reports for soybean meal (Rudolph et al., 1983; Chang et al., 1987) and for corn (Sauer et al., 1977; Lin et al., 1987) . Nutrient digestibilities measured over the entire digestive tract (Table 3) were similar (P > .16) among the EB levels fed. Fecal digestibilities were numerically higher than ileal values for energy and DM, as expected. Greater digestibility probably is due to microbial degradation of energy and DM in the hindgut as suggested previously by Patience et al. (1986) . Among the essential amino acids, lysine and methionine exhibited lower total tract than ileal digestibilities, suggesting that microbes synthesized these amino acids; this is consistent with other reports (Sauer et al., 1977; Rudolph et al., 1983; Haydon et al., 1984) .
Nitrogen balance data as a fraction of N consumed or N absorbed (Table 4) tend to confirm the small intestinal results, whereas fecal N excretion and retained N (g/d) match total tract N and amino acid digestibility data based on chromic oxide. Increasing dietary EB had no effect (P > .50) on fecal N excretion determined by total collection procedures, supporting the findings for total tract N and amino acid digestibilities. Due to the similarity (P > .13) in fecal excretion, daily N absorption was similar (P > .16) among dietary EB levels examined. However, daily urinary N excretion exhibited a linear and quadratic (P < .03) response to EB. Urinary N excretion increased by 11% when EB increased from -50 to 100 meqkg then decreased by 13 and 23% as EB was increased further to 250 and 400 rneq/kg of the diet, respectively. Olcumura and Tasaki (1968) reported that chicks fed diets containing HCl had increased uric acid excretion, whereas dietary NaHCO3 supplementation decreased uric acid excretion. Austic (1978) reported that metabolic alkalosis increased plasma uric acid concentration in the chick but that dietary Na, K or C1 had no influence on plasma uric acid concentrations. Though no significant (P > .16) trend was observed for retained N , retention of N expressed as a percentage of intake or absorption increased linearly (P < .05) with increasing EB concentration. Digestible and metabolizable energy concentration of the experimental diets declined linearly (P < .01) with increasing dietary EB level ( Table 4) . These decreases in DE and ME contents most likely reflect the decreasing GE content of diets with increasing EB due to the addition of NaHCO3.
Venous blood pH increased linearly (P < .02) with increasing dietary EB ( Table 5 ).
Blood HCO3 and base excess also increased linearly (P < .001) with increasing dietary EB from -50 to 400 meqkg. Blood 0 2 and blood C 0 2 concentrations and partial pressures were not altered (P > .15) by J B levels, with the exception of total COz Concentration. A significant linear (P < .001) increase was observed in total C 0 2 concentration with increasing dietary EB level. Haydon et al. (1989) reported a similar increase in total C02 concentration in pigs fed in high ambient temperature with increasing dietary EB from 25 to 400 meq/kg. Others also have reported that blood allcalinity increased with NaHCO3 supplementation of diets for growing swine (Patience et al., 1986 (Patience et al., , 1987 and chicks (Mongin and Sauveur, 1977) . This linear increase in blood HCO3 and base excess suggests that the pig responds to dietary HCO3 supplementation. Similar increases have been observed in growing pigs fed various levels of NaHCO3 in therrnoneutral environments (Patience et al., 1986 ) and, to a lesser extent, in heat stress environments (Haydon et al., 1989) . ' M e a n of eight pigs per diet.
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Absorption and utilization of N and amino contrast, Patience et al. (1986) reported that acids were increased and a shift in acid-base dietary supplementation of 0, 1.3 or 2.6% status was noted in growing pigs fed diets NaHCO3 had no significant (P > .05) effect on increasing in EB from -50 to 400 meqkg. In N, lysine or tryptophan digestibilities mea- ' M e a n of eight pigs per diet.
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surd at the terminal ileum of pigs fed a lysine-deficient diet. Dietary K levels in the diets used by Patience et al. (1986) were approximately half (.33. vs .70%) those used in the present study, suggesting that K availability might be important. Recently, Florida workers (Schneider et al., 1986) suggested that the ratio of K and Na influenced milk production in lactating dairy cows. The mechanism(s) involved in the observed increases in ileal N, amino acid, energy and DM digestibility in the present study is unknown. Because intestinal absorption of carbohydrates and amino acids is through a Na-dependent ATPase (Fearon and Bird, 1967; Christensen et al., 1973) , dietary modification of the electrolyte or bicarbonate status may alter either gut pH. as suggested by Patience et al. (1986) , enzymatic activity (Kidder and Manners, 1978) or the absorption mechanism.
irnpllcatlons Dietary electrolyte balance influenced nutrient digestibilities measured at the end of the small intestine. Therefore, dietary cation-anion balance may be of importance in diet fonnulation. Increased nutrient digestibilities in this study were obtained at electrolyte balance concentrations (250 and 400 meqkg) greater than those in a normal growing diet based on corn and soybean meal (170 meqkg). However, more research is needed to identlfy the mechanism by which cation-anion balance interacts with the digestive and absorption processes.
